Time-resolved 1H and 13C NMR spectroscopy for detailed analyses of the Azotobacter vinelandii mannuronan C-5 epimerase reaction.
AlgE2, AlgE4, and AlgE6 are members of a family of mannuronan C-5 epimerases encoded by Azotobacter vinelandii, and are active in the biosynthesis of alginate, where they catalyze the post-polymerization conversion of beta-D-mannuronic acid residues into alpha-L-guluronic acid residues. To study the kinetics and mode of action of these enzymes, homopolymeric mannuronan and other alginate samples with various composition were epimerized by letting the enzymatic reaction take place in an NMR tube. Series of 1H NMR spectra were recorded to obtain a time-resolved picture of the epimerization progress and the formation of specific monomer sequences. Starting from mannuronan, guluronic acid contents of up to 82% were introduced by the enzymes, and the product specificity, substrate selectivity, and reaction rates have been investigated. To obtain direct information of the GulA-block formation, similar experiments were performed using a 13C-1-enriched mannuronan as substrate. The NMR results were found to be in good agreement with data obtained by a radioisotope assay based on 3H-5-labeled substrates.